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INVESTIGATION

OF THE

SACRAMENTO-SAN JOAQUIN DELTA

R~port No. 1

GROUND WATER GEOLOGY

/     INTRODUCTION

This series of five reports is designed to furnish new

and additional factual data collected during the past three years,

with analyses thereof, that are germane to those hydrologic ~rob-

lems in the State’s water development programs which call for the

use of Delta channels as conveyance conduits and as sources of

diversion.

The Sacramento-San Joaquin Delta lies in the Central

Valley of California and embraces the confluent channels and trib-

utaries of the Sacramento River which flow into it from the north

and of the San Joaquin River which flow into it fro~ the south.

The Delta is virtually a solid block of nearly 400,000 acres of

irrigated agricultural land interlaced by more than 600 miles of

tidal channels which in turn surround m~re than 50 islands lying

at or below sea level and which are protected by levees.

C-111150



The strategic geographic location of this Delta makes

it the pivotal conveyance link across which the abundantly surplus

water supplies of the northern portion of the State are trans-

ported to the water-deficient areas of the southern portion of

the State to permit the continued agricultural, industrial and

municipal growth of those areas. The Central Valley Project has

been designed, constructed and put into operation to take advan-

tage of the Delta channels to convey some 5000 second-feet of the

surplus Sacramento Valley waters to the south into the San Joaquin

Valley. The plans of the Feather River Project call for the trans-

fer and conveyance of an additional ll,O00 second-feet through

these same tidal Delta channels.

Despite the recognized importance of the pivotal posi-

tion the Delta plays, or will play, in major programs of water

development in California there has been a dearth of geologic~

hydraulic, hydrologic, and salinic information of the physical

phenomena present. Such information is essential for intelligent

planning of water transfer through this Delta area. Furthermore,

the fruition of major conservation and transportation plans may

give rise to certain ill effects upon the agricultural enterprises

within the Delta area.

An investigation so comprehensive ks to cover and report

upon all of the facets of pertinent knowledge concerning the Delta

area would be prohibitive in cost at this time. This series of

reports perforce is limited to some of these facets, namely,
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ground water geology, water source and water utilization phenom-

ena on two of the Delta islands, quantities and qualities of

applied water and of drainage water in the Delta, and the extent

of sea-water intrusion in Delta channels.

This report is the first in this series and deals with

some of the geologic and salinic aspects of the ground waters

present in the Delta.

Prior Investigations and ReporSs

The following reports were utilized in the preparation

of this report. Reference is made to these reports in the text

by means of numbers in parenthesis; e.g., (1).

I. Beckwith, H. T. "Tracy Gas Field". California State Depart-
ment of Natural Resources, Division of Mines.
Bulletin llS. 1943.

2. Bryan, K. "Geology and Ground-Water Resources of the Sacra-
mento Valley’t. United States Geological Survey, Water-
Supply Paper 495. 1923.

California State Department of Public Works, Division of Water
Resources. "Quality of Ground Water in the Stockton Area,
San Joaquin County". Water Quality Investigations. Report
Number 7. March, 1955.

California State Department of Public Works, Division of Water
Resources. "San Joaquin County Minimum Standards of Well
Construction." In Preparation.

5. California State Department of Public Works, Division of Water
Resources. "Preliminary Report of~Geology of Chipps Island
Barrier Site". Mimeographed Report. 1954.

6. California State Department of Public Works, Division of Water
Resources. "Geology Appendix H, Report to the Water Proj-
ect Authority of the State of California on Feasibility of
Construction by the State of Barriers in the San Francisco
Bay System." June, 1955.
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7. California State Department of Public Works, Division of Water
Resources. "Pu~ah Creek Cone Investigation. A Report to
the California State Legislature." Preliminary Edition.
December, 1955.

California State Water Resources Board. Bulletin i. "Water
Resources of California."

9. California State Water Resources Board. Bulletin ii. "San
Joaquin County Investigation." June, 195~.

i0. Clark, B. L. "Eocene Radiolarian Fauna From the Mt. Diablo
Area." Geologic Society of America. Special Paper 39.
1942.

ii. Conrad, J.W. "Changes in Ground Water Levels in the San
Joaquin Valley, California." University of Southern Cali-
fornia, Department of Geology. Unpublished Report. Date
unknown.         /

12. Corwin, C. H. "River Island Gas Field". California State
Department of Natural Resources, Division of Oil and Gas.
"California Oil Fields". Volume 39. Number 1. January~,

1953.

13. Corwin, C.H.    "Rio Vista Gas Field, Isleton Area". Cali-
fornia State Department of Natural Resources, Division of
Oil and Gas. California Oil Fields. Volume 39. Number 1.
January, 1953.

14. Frink, J. W. and Kues, H. A. "Corcoran Clay - A Pleistocene
Lacustrine Deposit in San Joaquin Valley, California".
Bulletin of the American Association of Petroleum Geolo-’
gists. Volume 38. Number ll. November, 1954.

15. Frame, R. G. "Rio Vista Gas Field". California .State Depart-
ment of Natural Resources, Division of Oil and Gas. "Cali-
fornia Oil Fields". Volume 30. Number 1. January, 1943.

16... Gale~ H. S. and Thomas, H.E. "Geology and Ground @ater
Hydrology of the Mokelumne Area". United States Geologi-
cal Survey, Water-supply Paper 780. 1939.

17. Knox, G. L. "McDonald Island Gas Field". California State
Department of Natural Resources, Division of Mines. Bulle-
tin 118. 1943.                     ¯

18. Reiche, Parry. "Geology of part of the Delta-Mendota Canal
near Tracy~. California State Department of Natural Re-
sources, Division of Mines. Special Report 2. 1951.
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19. Soper, E. K. "Rie Vista Gas Field". California State
Department of Natural Resources, Division of Mines.
Bulletin llS. 1943.

20. Stearns, H. T- "Geology and Water Resources of the Mokelumne
Area". United States Geologie, al Survey, Water-supply
Paper 619. 1930.

21. Taff, J. A. "Geology of Mt. Diablo and Vicinity". Geologi-
cal Society of America Bulletin. Volume 46. Part 2.
1935.

22. Tolman, C. F. "Geology of the Upper San Francisco Bay
Region". California State Department of Public Works,
Division of Water Resources. Bulletin 28. ].931.

23. Tolman, C. F. and Poland, J. F. "Investigation of the
Ground Water ~upply of the Columbia Steel Company, Pitts-
burg, California". Unpublished Private Report. May 30,
1935.

24. United States Department of Agriculture. "Soil Survey of
the Lodi Area". Series 1932. Number 14. February, 1937.

25. United States Department of Agriculture. "Reconnaissance
Soil Survey of the Sacramento Valley". April, 1915.

26. United States Department of Agriculture. "Soil Survey of
the Sacramento-San Joaquin Delta Area". Series 1935.
Number 21, July, 1941.

27. United States Department of Agriculture. "Soil Survey of
the Stockton Area". Series 1939. Number lO. May, 1951.

28. United States Department of Agriculture. "Soil Survey of
the Tracy Area". Series 1938. Number 5. December, 1943.

29. United States Department of the Army, Corps of Engineers.
"Report on Investigation of Stability of Existing Levees
in the Sacramento-San Joaquin Delta Area, California".
Typewritten Report. 1944.

30. United States Department of the Interior, Bureau of Reclama-
tion. "Ground Water Investigations in the Central Valley~:
Unpublished Report. July, 1950. ’.

31. United States Department of the Interior, Bureau of Reclama-
tion. "Summary of Data Collected During Sacramento River
Seepage Investigations". Unpublished report. September,
1949.
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32. United States Department of the Interior~ Bureau of Reclama-
tion. "Miscellaneous Untitled Progress Reports Pertain-
ing to the East-Side and West-Side Transmission Lines".
Open File s. 1948-1952.

33. Weaver, C. E.. "Geology and Mineral Deposits of an Area
North of ~an Francisco Bay". California State Department
of Natural Resources, Division of Mines. Bulletin 149.
1949.

Scope of This Report

The geologic investigation in the Sacramento-San Joaquin

Delta area was limited primarily to the determination of those

features in the region which affect ground water occurrence,

movement, and quality. This report presents the results of a

study of the location, extent, physical character, structure

and continuity of the various deposits which comprise the water-

bearing series in the area.

The location of the area of investigation and the sur-

face distribution of the geologic units in the Delta Area are

shown on Plate i. The subsurface characteristics of the units

are shown on Plates 2 and 3. The thickness of peat and related

organic sediments is shown on Plate 4. Contour lines of equal

elevation of the interface between upper fresh gromnd water and

lower saline ground water ( Le., base of fresh water) are shown

on Plate 5. The stratigraphy, physical character, and water-

bearing properties of all deposits in.the area are summarized in

Table 1. ~ineral analyses of surface and ground water in the

area are tabulated in Table 2 and are graphically presented in

Plates 6 and 7.
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GEOLOGIC FORMATIONS

Geologic formations underlying the Sacramento-San

Joaquin Delta area include deposits which range in age from pre-

Cretaceous to Recent (Table 1). A basement complex of pre-

Cretaceous igneous and metamorphic rocks underlies all of the

Delta area at an unknown depth. Sedimentary rocks overlying

this basement complex are of marine and continental origin and

include undifferentiated Eocene and Cretaceous marine sediments°

Overlying these consolidated sediments are the Valley Springs

and Mehrten formations on the east and the San Pablo Group on

the west, which are of marine and continental origin and are

Miocene in age. These units in turn are overlain by continental

late Tertiary-Quaternary formations, consisting of the Tulare on

the west and south, the Laguna on the east, and the Montezuma

and Tehama on the north. Unconsolidated Quaternary sediments

including older alluvium, the Victor formation, and the west side

alluvial fans, all of Pleistocene age, and the Delta deposits of

Recent age constitute the uppermost horizon of sediments in the

Delta (Plate 2).

In relation to the occurrence of ground water and to

water-bearing characteristics, the lithologic units can be divided

into two groups. The first group consists of deposits of major

importance as a source of ground water such as the Sacrament�-

San Joaquin Delta deposits of post-Mehrten to Recent age; the

unconsolidated Victor formation and related continental sediments

~f Recent and Pleistocene age in the eastern portion of the area~

-7-
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the west side alluvial fan deposits and west side older alluvial

deposits, all of Pleistocene age; the Laguna and Tulare forma-

tions of Plio-Pleistocene age; and the semi-consolidated Mehrten

formation of Miocene age. The second group consists of deposits

of minor importance as a source of ground water such as the con-

solidated pre-Oretaceous basement complex; the undifferentiated

Cretaceous and Eocene sediments; and the Valley Springs and San

Pablo Group of Miocene age. The units in this second group are

designated as the nonwater-bearing series and will be only

briefly described in this report.

Water-Bearin~ Series

Ground water beneath the Sacramento-San Joaquin Delta

is not stored in one single mass of homogeneous sediments, but

rather in distinct sand and gravel layers in the Quaternary and

late Tertiary deposits. The principal lithologic unit in which

ground water occurs is the Sacramento-San Joaquin Delta deposits.

These water-bearing deposits constitute a thick section of sedi-

ments which thin out to the east and west on the valley floor

surrounding the Delta Lowlands (Plate 3). They are thickest

along the central part of the Delta, being in excess of 2,500

feet.

Sacramento-San Joaquin Delta Deposits. This unit,

identified on Plate 1 by the symbo! (Qrb), includes all of the

fine-grained deposits in the Delta area of post-Mehrten age.

--8-
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They are contemporaneous with the Victor formation and related

continental sediments, with the Arroyu Seco gravel-Laguna forma-

tion which occurs east of the Stockton area, probably the older

alluvium, the Montezuma formation and the continental sediments

to the north, south and west of the Delta (3~ 16). Total

thickness of this unit may exceed 2,500 feet in the central por-

tion of the Delta.

The upper portion of these Delta deposits comprises

Recent stream channel and some flood basin deposits. The stream

channel deposits comprise silt, sand and gravel laid down in

stream channels of the Sacramento and San Joaquin Rivers during

times of decreasing flood flows. The flood basin deposits con-

sist of clays, silts, sands and some organic material which have

a low permeability (Plate 3). Deposition of this material took

place in overflow basins during flood stage periods. The Sacra-

mento-San JoaquinDelta deposits contain a network of low ridges

along major streams which are largely fine grained mineral

deposits laid down (prior to levee construction) during periods

of high water,                                             i.

In the downstream Delta areas and along minor sloughs,

sediments are found which are largely organic but deposits of

peat and organic clays are found throughout the entire Delta

area, except in the permanent channels of the older streams

(Plate 4). In these channels, river sand has been deposited in

lieu of peat. Most of the downstream Delta islands show deposits

’-9-
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of peat at their centers, 20 or more feet in thickness, and

thinner deposits along their peripheries. In a few isolated

locations on islands near the outlet of the Delta, peat with

more than 40 feet of thickness has been logged in test holes. On

some of the islands along the Sacramento River, river sand up to

5 feet in thickness has been deposited over the peat. The or-

ganic matter has a low permeability, and the moisture content of

this material is very high, ranging from about ~i00 to 0@er 500

per cent of the dry ~eight.

Older fine-grained Delta deposits which underlie the

thin layer of Recent stream channel and flood basin deposits ar~

of considerable thickness and merge with the coarser alluvial

deposits of the Victor formation and the Arroyo Seco gravel-

Laguna formation which lie to the east of Stockton. They are

predominately silt and clay with interbedded sand and gravel

bodies. Ground water in these Delta deposits occurs in the

relatively discontinuous sand and gravel bodies within the pre-

dominately fine-grained deposits. Wells located in this material

usually yield only moderate quantities of water with ~arge draw-

downs. Saline waters are found throughout all depths in these

deposits except for thin lenses of fresh water which occasionally

are found overlying the saline waters. ¯

The line on Plate 1 showing the surface contact between

the Victor formation and the Delta deposits is intended 4o be a

generalized location of the contact at depth. This contact

-lO-
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between the Delta deposits and the coarser alluvial deposits

from the east is interfingered due to alternating transgressive

deposition of the two units. Considerable hydrologic significance

is attached to this contact in that it results in a break in

hydraulic continuity between the two deposits.

Victor Formation and West Side Alluvial Fans. These

sediments identified on Plate 1 by the symbol (Qal) are contempora-

neous in part with the Delta deposits and were deposited on floo@-

plains and alluvial fans. They entirely flank the Sacramento-San

Joaquin Delta. These deposits are composed of poorly sorted, sand,

gravel, silt and clay, and are low to moderate in permeability.

(3, 16). Sand and gravel stringers of high permeability are exten-

sive, and represent deposits of coarse sediments in active stream

channels. In general, the floodplain and fan deposits become

finer the farther they become removed from their source in the

mountainous areas surrounding the Delta.

Ground water in these formations is generally unconfined°

In general the yield to wells in these formations is moderate.

However, where wells penetrate the coarse permeable buried channels

the yield may be relatively high.

Older Alluvium. These slightly compacted alluvial

deposits are identified on Plate 1 by the symbol (Qoal). They

outcrop in the area north of the Montezuma Hills. These deposits

are composed of an upper fine-grained phase which is low in perme-

ability and a basal coarse-grained member of sand and gravel which

-ll-
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supplies appreciable quantities of ground water in the Putah

Creek area.(7),0.

Tertiary-Quaternary Deposits. These slightly compacted

alluvial deposits are identified on Plate 1 by the symbol (TQc).

These sediments include: the Montezuma formation exposed in the

Montezuma Hills north and west of the Delta; the Tehama formation

which underlies the alluvium in the northwestern portion of the

Delta; the Tulare formation which underlies the more recent depos-

its in the southwestern portion of the Delta; and the Laguna forma-

tion and related eastside deposits which underlie the Recent

alluvium and Victor formation in the eastern part of the area.

The Montezuma formation is exposed in the Montezuma

north and west of the Delta in the vicinity of the confluence of

the Sacramento and San Joaquin Rivers and underlies the portions

of the northern Delta area at shallow depths. This deposit repre-

sents the remnants of extensive alluvial-fan, flood-plain and

terrace deposits of Plio-Pleistocene age. The formation consists

of horizontally bedded slightly consolidated clays, silts, sands

and gravels all more or less lenticular in character ~(3~).

Ground water extractions from this unit are small due to the low

permeability of the formation.

The Tehama formation, exposed in the area north of the

Montezuma Hills, is a heterogeneous unit composed of slightly to

moderately compacted sandy silt, silt, clay and fine sand, with

lenticular bodies of sand, gravel, clay and grave] °(7). Pumi,~

ceous tuff, conglomerate and slightly cemented sand and gravel are

-12-
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widespread in the basal portion of the unit. These fresh-water-

bearing sediments extend to depths of approximately 3~000 feet in

Putah Oreek area. Permeability is low with respect to the over-

lying alluvium and coarse stream-channel deposits~ resulting in

greatly reduced specific capacity in wells.

The Tulare formation is found on the southwestern side

of the Delta area, underlying the west side alluvial fan deposits.

It is contemporaneous in part with the older alluvial deposits

and the east side L~guna formation. The Tulare formation is com-

posed mainly of a massive, friable, fine-grained silty sandstone

(l~). This sandstone grades erratically in short distances to

sandy, soft claystone. These sediments represent flood-plain and

alluvial-fan deposits of late Tertiary-Quaternary age. The

"Corcoran Clay", originally na~ed by Frink and Kues (14), is a

Pleistocene lacustrine deposit of pumiceous nature within the

Tulare formation. This clay which acts as a confining impermeable

body to the downward movement of ground water, has been traced

northward from the southern San Joaquin Valley to the vicinity of

Tracy. At this point the "Corcoran Clay" is identified at depths

of more than 200 feet below land surface. There is ~insufficient

well-log and electric-log control to trace this unit into the

Delta north of Tracy.

The Laguna formation and related eastside deposits are

found on the eastern side of the Delta area immediately underlying

the Victor formation. These deposits outcrop in the foothills

east of Stockton. The Laguna formation, which is composed largely
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of sands, silts and clays, with small discontinuous lenses ~f

gravel~ varies markedly in physical character both vertically and

laterally. As differentiated in well logs, the brown, pink and

occasional blue clays and the yellow, brown and red sands are the

outstanding characteristics of the Laguna formation. Sediments

of this group are relatively coarse in the eastern part of the

area and become finer toward the Delta region.

Mehrten Formation. The Mehrten formation consists of

siltstone, sandstone,land conglomerate with discontinuous lenses

of sand and clay, and of volcanic agglomerate derived from mud

flows. Dark, relatively permeable sandstone members of this

formation, locally known as the "black sands", are the most

characteristic material noted in well logs. The black color,

actually blue to dark gray when dry, is due to the opaline coating

of the andesitic sandstones. The white-to-gray colored clay and

silt members are extensive in the upper portion of the formation.

Conglomerates in the formation are poorly sorted and well cemented,

hence have a low permeability (16).

The Mehrten formation in the outcrop area al~ng the

flank of the Sierra Nevada has a general westerly dip of approxi-

mately lO0 feet per mile. Beneath the Stockton area, where the

formation attains a thickness of approximately 400 feet, its top

is approximately 1,200 feet below sea level. Its top elevation

beneath the central portion of the Delta is unknown.
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Ground water in this formation is largely confined by

the lenses of relatively impermeable clays and silts. Saline

water and gas occur in the deposits beneath the Stockton area and

in the Delta area to the west. However, in the area to the east

of Stockton, the Mehrten formation yields fresh water to deep

irrigation wells.

Nonwater-Bearing Series

The nonwater-bearing series do not absorb, transmit or

yield water readily and include the pre-Cretaceous igneous and

metamorphic rocks; undifferentiated Cretaceous and Eocene sedi-

ments, the Chico, Panoche and Moreno formations of Cretaceous age;

the Markley formation of Eocene age, and the consolidated Valley

Springs and San Pablo Group of Miocene age. They occur at con-

siderable depth below the Delta area and contain brackish or

saline water.

GEOLOGIC CONDITIONS PERTAINING TO THE OCCURRENCE,
MOVEMENT AND QUALITY OF GROUND WATER

Geolegic features greatly influence the occurrence,

movement, and quality of ground water in the Sacramento-Sam

Joaquin Delta Area. In a large portion of the Delta it is diffi-

cult to obtain sufficient water of a quality suitable for domestic

and irrigation purposes. However, sufficient quantities of good

quality ground water are generally obtained throughout the valley

floor area surrounding the Delta.

-15-
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Occurrence

Ground waters beneath the area of investigation are

stored in the finer grained Delta deposits of Recent to post-

Mehrten age, and in the surrounding coarse alluvial deposits.

Ground waters in the Delta deposits occur in a series of poorly

connected sand and gravel lenses which locally are confined by

silts and clays, giving rise to local pressure effects. The large

percentage of fine-grained materials and the lenticular nature of

the deposits cause ~he permeability of the sediments to be low.

The coarse, moderately to highly permeable alluvial

deposits, which occur in the valley floor areas surrounding the

Delta, contain large quantities of fresh water which are largely

unconfined. The permeability of these sediments varies greatly;

however, they are generally moderately permeable.

Movement

Data showing free water-table slopes and piezometric

gradients, obtained during recent ground-water studies covering

not only the Delta area but also the valley floor ar~as surround-

ing the Delta, indicate a general ground-water movement toward

the Delta from the valley-floor sediments on the north, east and

south. This movement, however, is intercepted and ground-water

elevations are depressed along much of the perimeter of the Delta

where heavy pumping extractions are presently practiced. Ground-

water movement outward from the Delta may occur near such ground-

water depressions. This outward movement from the Delta is

-16-
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probably supported largely by the continuous presence of surface

water supplies in the interlacing, tide-water channels of the

Delta and in part by the rising water from deeper seated sources

in the central portion of the Delta. On the other hand, in cer-

tain sectors of the perimeter ground-water gradients toward the

center of the Delta still prevail and some ground-water movement

toward the Delta must therefore occur. Although underflow to the

Delta from deep-seated sources is not significant in quantity,

ground-water accretions to the Delta in the form of return flows

from irrigation water applied to the Delta Uplands are signifi- .

cant. The specific sectors where there presently exists accre-

tions to the Delta lie north of the Montezuma Hills, west of Lodi,

south of Stockton and northwest of Tracy through Contra Costa

County (9). Under present conditions of heavy extractions of

ground water outside of the perimeter of the Delta the ground-

water outflows are apparently not appreciable and appear to be

nearly equal to the accretions, as evidenced by the results of the

special lunar-cycle measurement of Delta outflow made by the Water

Project Authority in September 1954.

There is no evidence of any geologic structures extend-

ing upward into the water-bearing deposits in the central portion

of the Delta which would obstruct the lateral movement of fresh

ground water. However, hydrologic and water quality data indi-

cate that an impediment to the lateral movement of ground water

exists in the eastern edge of the area near Stockton (3). This

discontinuity is believed to be due to a depositional contact

-17-
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between the coarser alluvial deposits east of Stockton and the

finer-grained Delta deposits west of Stockton. There is an abrupt

change in permeability across this contact zone, from the permea-

ble upland strata to the relatively impermeable Delta deposits.

A hydraulic gradient of approximately 45 feet per mile existed

across this zone in the spring of 1953. In addition, a marked

change in the mineral characteristics of ground water in the Qua-

ternary sediments exists across this zone. A fresh-saline water

interface approximates the boundary of this zone. The contact

zone is known to extend for a considerable distance north and

south of the Stockton area; however, data concerning its total

extent and its effectiveness in these areas is not yet available.

The vertical movement of ground water is impeded locally

throughout the Delta by numerous silt and clay horizons. There is

insufficient well-log information available to determine the

location, extent, and physical characteristics of these confining

members.

~uality

Ground waters in the area investigated are of two gen-

eral types, predominately sodium-chloride water found in the Delta

area and a calcium-magnesium or sodium-bicarbonate water found

generally throughout the areas surrounding the Delta.

Plates 6 and 7 are graphical representations of the

various waters in and surrounding the Delta. The mineral constit-

uents in equivalents per million are plotted to indicate the

C--111167
C-111167



concentrations of the various waters. The plates manifest the

definite similarity of the brackish-to-saline connate waters found

at various depths throughout the area studied.

Ground waters in the areas surrounding the Delta are

generally of excellent quality with low mineral content. The

waters vary in character from a calcium-magnesium-bicarbonate

water to a sodium-bicarbonate water with moderately low total

solids (Table 2 and Plates 6 and 7). However, at depths greater

than that penetrate~ by most wells, a highly saline water is

encountered (Plate 5).

In the central portion of the Delta there are approxi-

mately 200 square miles of land underlain by poor quality ground

water at depths less than lO0 feet from the surface (Plate 5).

This water is a saline connate water which generally contains

high percentages of sodium and chloride ions and relatively low

concentrations of calcium and sulphate ions (Plate 6). Chloride

content of the water at the interface contoured on Plate 5 varies

between about 350 ppm and lO00 ppm. It is this area from which

rising wat~:rs of po~r quality can gain access to surface waters

in the Delta. It has been estimated from studies by the Division

of Water Resources, Water Quality Branch, that over 20,000 acre-

feet, or an average of 28 second-feet of saline connate waters

rise to the surface each year.

In the cation triangle, Plate 7, it may be noted that

there are two major groupings. The first group consists of the
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fresh waters found in the areas surrounding the Delta and the

shallow fresh-water lenses in the Delta area which are floating

on the more dense brackish water. The second grouping represents

the brackish-to-highly-saline waters found at shallow depths in

the Delta area and underlying the surrounding areas at greater

depths.

The anion triangle depicts a rather broad scattering

with only a single grouping of the waters containing high concen-

tration of chlorid~ ions.

CONCLUSIONS

i. Ground water beneath the Sacramento-San Joaquin

Delta occurs in a thick section of relatively fine-grained uncon-

solidated Quaternary and late Tertiary deposits.

2. Ground water adjacent to the Delta occurs in rela-

tively coarse-grained alluvium, Victor formation and west side

alluvial fans of Quaternary age, and in the Montezuma, Tehama,

Tulare and Laguna formations of Quaternary and late Tertiary age.

3. There are no known structural barriers to the lateral

movement of ground water within the Delta.~ However, silt and clay

lenses of unknown thickness and extent locally impede the verti-

cal movement of ground water.

4. A depositional contact zone between the coarser

sediments to the east and the finer Delta sediments to the west

occurs along the eastern border of the Delta in the vicinity of
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Stockton. This zone appears to impede and prohibit eastern move-

ment of poor quality sodium-chloride water into the excellent

quality ground water underlying the Stockton area.

5. Ground waters in and adjacent to the Delta are, of

two general types, a predominately sodium-chloride type water

which occurs in the central portion of the Delta, and an excellent

calcium-magnesium or sodium-bicarbonate type water which occurs

generally throughout the areas surrounding the Delta.

6, Rising saline waters unsuitable for most beneficial

uses occur at shallow depth over 200 square miles in the central

portion of the Sacramento-San Joaquin Delta.

7. Appreciable quantities of fresh ground water of a

mineral quality suitable for most beneficial uses occur in uncon-

solidated sediments in the periphery of and immediately adjacent

to the Delta.
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TABLE I

GEOLOGIC FORMATIONS, SACRAMENTO-SAN JOAQUIN DELTA
~ Formation ’Approxinmte ~ ’

Geologic Age ’ and eThickness ’ Physical Character ’ Water-Bearing Properties
’ Symbol on Plate ~ (feet) ’ ’

’Sacramento-San Joaquln ’Predo~J~nate~y impervious clays This material is low in permeability.
’Delta Deposits. i00 ’and silts, with some sand. Brackish and saline waters are exten-

Recent ’ Qrb ’Becomes highly organic in siva in areal extent in the central
’ ’central delta area. ~ortion of the Delta.

~ ,Victor Formation and Unconsolidated gravel, ’ This material is moderately
’Related Continental 150 sand, silt and cl~y ~ ’ permeable and yields fresh

~ ’Sediments.
~ deposits with exten- ~’’.~ ’ water.

~ ’Gravels. e
~ ~ ~ ’ ever, in general it isO

~ ~’ o ~ ~ ’ moderately permeable and

~ o
, ~ ~ ’ ~ields fresh water.

~ ~ ~ .~ ’ ~asal portion in ~utah C~eek
~ ~Older Allu~lum ’UnSown ~    Sand, gravel, sil~ o~ ~ ~ ’ area is po~meable and yields

o ’~onte~.~m~ Formation,       500-i000      ~ ~ Poorly so,ted sand,       ~ ~ ~.~     Thle ~aterlal is moder~te~
~ ~ ~ ~ ’ permeabls ~nd yields fresh

Pl±ocene ’Tulare Formation°

Con~lomsrato~ silt and ~lay The conglomerate, silt and ag~lomeratic
with. in~orboddod lenses o~ material is relative3J impenmeable~

Mehrten Formation ~00 blac~ saris and a~glomerati~ the black sands are highly permeable
material derived from and yield saline water in ~he Stockton

~Liooene andesitio mudflows, a~ea ~d ~esb ~te~ to ~he east.

~d s~le of cont~ental ~d ~d jo~ts
~r~e orig.. Contempor-
~eous in ~ ~th the
Meh~ ~d Valley Springs
fo~tions.

~r~ey Fo~tlon ~d ~r~e s~ds and shales. Non~ter-bear~g except along fractures
Eocene Undifferentiated ~wer Un~o~ ~d Joints.

Eocene Fo~tions

~ Moreno Formation" Marine sands and shales. Nonwater~bearing except along fractures

~ Panoche Formation Un|~own and Joints.

~ Chico Formation

Pre-Oretaceous Isneous and metamorphic recks Nonwater-bearlng except along fractures
Consolidated Rock Unknown and Joints.

C--111171
C-111171





PLATE

LEGEND

ALLUVIUM ANO VICTOR FORMATION

UNDIFFERENTIATED NONWATER-BEARING

GEOLOGIC SECTION LINE

INVESTIGATION OF
THE .SACRAMENTO-.SAN JOAQUIN DELTA

AREAL GEOLOGY
1956



G~NERALIZND GNOLOGIC SECTION A-A’
~ 1956
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PLATE 4

Colhnswlle

=

’,TOCKTON

LEGEND

AREAS OF MINERAL SOILS AND SEDIMENTS

PEAT AND RELATED ORGA~NIC MATTER

I0 TO 20 FEET THICK INVESTIGATION OF
PEAT AND RELATED ORGANIC MATTER
20 TO 40 FEET THICK THE SACRAMENTO-SAN JOAQUIN DELTA

FEAT AND RELATED ORGANIC MATTER
,r ISOPACHS OF PEAT ANDOVER 40 FEET THICK

RELATED ORGANIC SEDIMENT~

Trac.y
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PLATE 5

LEGEND

SUBSURFACE CONTOUR ON THE BASE OF P O
7~0 FRESH WATER.

SUBSURFACE CONTOUR ON THE BABE OF

CONTOUR ~T~aWL =OO A.O ZSO FEET.                                                               INVESTIGATION
0~TUM =S MEaN SE~ LEWL                                                         THE SACRAMENTO-SAN JOAQUIN DELTA

CONTOURS ON BASE
OF FRESH WATER
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;0

wA’n~

O INVESTIGATION OF
GROUND WATER -GROUND WATER GROUND WATER GROUND WATER GROUND WATER GROUND WATER GROUND WATER GROUND WATER GROUND WATER GROUND WATER GROUND WATER SURFACE WATER SURFACE WATER GROUND WATER THE SACRAMENTO-SAN JOAQUIN DELTA

NORTH OF DELTA NORTH OF DELTA SOUTH OF DELTA SOUTH OF DELTA DELTA AREA . WEST OF DELTA DELTA ARE.A DELTA AREA OCEAN WATER EAST EDGE DELTA
DELTA AREA STOCKTON AREA SAN JOAOUIN RIVER SAN JOAQUIN RIVER STOCKTON AREA

No: Io NO.., No.e NO. 9 NO.I~ NO.T NO.~S NO. ,,~ NO., NO. ,~ No.~= :NO. ~ NO Z NO. ¯ NO. ~ SELECTED .SURFACE AND GROUND WATERS
19.56



PLATE

PROPERTI ffS
NO. DATE LOCATION DEPTH INFEET

I 9-15-55 OCEAN WATER OFF POINT CABRILL0

SAN JOAQUIN RIVER AT GARWOOD2 5-13-55 BRIDGE {N-CE-I6 -

5 9-17-53 SAN JOAQUIN RIVER AT GARWOOD --
BRIDGE IN- 6E- 16

4 9- ?..-52 EAST EDGE OF 0EL’FA IN-CE-2361 2000

5 2-I6-53 STOCKTON AREA IN--CEo2G2 1000

6 8-12- 52 STOCKTON AREA IN--TE--TEI 250

"/"                                                                                                                                                                                                                                               7                  1911                   WEST OF DELTA IN FOOTHILLS OF
COAST RANGE     IS- 3E - 15F
SOUTH OF DELTA NEAR TRACY 6206 6-30-54 2S--SE-17QI

9 7-20"-53 SOUTH OF DELTA NEAR TRACY
3S-5E-CA

I0 8-1z-Sz NORTH OF DELTAs’ NORTHWEST OF 150
RIO VISTA    6N-IE- IOHI

I ~       8-12-54    NORTH OF DELTA NORTHWEST OF                   55
RIO VISTA        SN~ ~.E- 27 KI

12 7-7-54 DELTA, WEST OF STOCKTON 40
IN - SE - 21K I

15 7-29-54 DELTA AREA      3N- 4E- SCRI I00 "F

14 5-16-55 DELTA AREA 5N--3E-17 5400

NORTHERN PART OF DELTA AREA 530015 5N- 5E-26

I NVES’FIGATION OF
THE SACRAMENTO-SAN JOAQUIN DELTA

Go                                                               Ol                         ~4,                         WATER ANALYSIS DIAGRAM OF
SEk.ECTED SURFACE AND GROUND WATERS

CATIONS Percentc~ge reacting values ANIONS 1956


